Samples were prepared by the acid digestion method. Physical properties, conductance, surface tension, and pH were determined using digital instruments. The most abundant minerals found in Pakistani honey samples were K, Na, Ca, Mg, Fe, Zn, Cu, Ni and Co, with K accounting for almost 83% of the total mineral composition. Most Pakistani honey samples met international standards. However, some samples showed altered parameters, refl ecting possible adulteration. A considerable change in viscosity was observed only in adulterated honey samples containing more than 50% of a saturated sugar solution.
Introduction
Honey is a sweet and viscous fl uid produced by honeybees from the nectar of r fl owers. It is defi ned as a pure and natural product that does not include any other substances, such as water or sweeteners (Wikipedia, 2008) . This defi nition has been widely accepted by the food regulations of most nations, including Pakistan. It is important to note that honey produced by insects other than honeybees has very different properties. Therefore, this article refers exclusively to the honey produced by honeybees (Apis mellifera) ( ( . Interestingly, honey has been cited in the Quran, a Holy book for Muslims (Section 16 Verse 68-69), in reference to its medicinal properties.
Liquid honey does not spoil because of its high sugar concentration and low moisture content, which kills most bacteria by a plasmolysis and impedes the development of airborne yeasts. The moisture content of natural raw honey varies from 14% to 18%. As long as the moisture content remains below 18%, virtually no microorganisms can successfully multiply in honey.
The physicochemical properties of Eucalyptus honey have been studied and include the presence of palynol, low sucrose, traces of trisaccharides and the following mean mineral and trace element contents (mg·kg -1 ): Ca (221.9), Mg (54.15), K (579.6), Na (351.4), Fe (8.3), Cu (0.2), Cr (0.5), and Pb (1.1) (Serra, 1989; Visser, et al., 1989) . Recently, Fernández-Torres (2005) studied the mineral composition of Spanish honeys of different botanical origins and found eleven minerals (Zn, P, B, Mn, Mg, Cu, Ca, Ba, Sr, Na and K). Twelve additional mineral elements were identifi ed in honey samples from Italy (Pisani et al., 2008) . In Poland, Rostkowski and Omieljaniuk (1989) found an average of 0.369 mg·kg -1 of lead in honey samples with values that ranged from 0.007 to 1.21 mg·kg -1 . Therefore, there is considerable variation in mineral composition among honey samples of different origins.
The ascorbic acid content of honey has been determined (Men et al., 1989) , and the nitrogen and protein contents have also been determined using novel methods (Siegfried, 1989) . Similarly, Lvanov (1989) developed a method to identify sugars in honey containing lower levels of reducing sugars and higher levels of sucrose than natural honey. Nevertheless, the optical density of a 10% solution is the most reliable index for the identifi cation of sugar in honey samples. A spectrophotometric method has been proposed to determine the sucrose content in honey samples (Rostkowski and Omieljaniuk, 1989) . Sato (1993) reviewed the standards for commercial honey, including assays for sugars, pollen and hydroxymethylfurfural. The presence of ethanol and other alcohols can be determined by enzymatic analysis, as it has long been recognized that honey can spoil by spontaneous fermentation, producing ethanol, carbon dioxide, and volatile and nonvolatile organic acids.
An analytical survey of honey in the United States has been reported (USDA, 2003) . In this survey, considerable effort was made to obtain honey samples from throughout the United States and to include samples produced from different fl oral types. These results are useful to beekeepers and honey packers and also to food technologists. In addition to providing tables of the composition of U.S. honeys, general conclusions on various factors that affect honey composition were presented in this study.
The study of the physical and chemical properties of honey has increased in recent years because these parameters are important for the certifi cation process that determines honey quality. The objectives of this study were to characterize Pakistani honey with respect to international standards and to investigate the effects of adulteration with sugar syrup on the physical properties of honey.
Materials and methods
Sample collection and pre-treatment. Two hundred honey samples were collected from locations situated in deserts (D), plains (P), hilly areas (H), and from commercially available honeys (C) in Pakistan (Table 1 ). All samples were stored in glass jars at room temperature (25 ± 2°C).
Physical analysis. To determine the effect of adulteration on the physical properties of honey, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100% Young's French Honey was prepared in a saturated sugar solution (1 kg·L -1 of commercial white sugar in distilled water, heated at 100ºC for 60 min) (adulterated honey samples). Young's French Honey was used as a reference sample for pure honey. The density, refractive index, pH, conductance, surface tension and viscosity of pure and adulterated honey samples were determined by standard methods (AOAC, 2000) .
Chemical analyses. Ash and moisture content were determined by standard analytical methods. The total acid value of each honey sample was determined by acid-base titration (AOAC, 2000) . Ascorbic acid content was determined by an analytical method based on the photochemical generation of iodine within the reaction mixture (Men, 1989) . The sucrose content was determined using a colorimetric method (Bacilek et al., 1989) .
Acid digestion was used to prepare honey samples for chemical analysis. Fe, Cu, Zn, Pb, Ni and Mn levels were determined using atomic absorption spectrophotometry (Perkins Elmer Analyst 100, USA). Na, K and Li levels were determined using a fl ame photometer (Corning 410, UK), and Ca and Mg levels were determined using EDTA titration (James and Prichard, 1974) .
Results and discussion
Today, various techniques are applied to determine the elemental composition and physiochemical properties of honey and other foods. Among other methods, spectrophotometry, total X-ray refl ection, and fl uorescence spectrometry are commonly used. Based on our results, potentiometric titrations can be used to determine the acidity of honey samples. Using this titration method, we found that honey samples from Pakistan had 26±1.5 milliequivalents of free acidity ( Table 2 ). The pH of honey varied from pH 3 to pH 5; honey samples with a pH above 5 can be considered to be of low purity and low quality. Upon the addition of water, honey showed remarkable changes in all of its physical properties, with major changes occurring in conductance. Pure honey is characterized by a conductance near zero. In the Codex Alimentarius, the maximum electrical conductivity for pure fl oral honey is 0.8 Ms·cm −1 (Bogdanov et al., 2000) . Our results indicate that if honey is adulterated with water or saturated sugar solutions, it will display greater conductance than pure honey.
The most abundant minerals found in Pakistani honey samples were K, Na, Ca, Mg, Fe, Zn, Cu, Ni and Co (Table 3 ). Similar to previous results (Adebiyi et al., 2004) , K accounted for almost 83% of the total mineral composition. This is due to the high levels of K in plant tissues. Nutritionally, the presence of these metals makes honey an excellent food for humans, especially for children. The honey samples we tested had different viscosity, refractive index and pH values, which can be attributed to the fact that the percentage of different elements in honey varies during the growing season and across geographical areas. For most of the Pakistani honey samples tested, the pH, conductance, viscosity, surface tension, refractive index, and moisture content fell within international standards. However, some of the samples showed altered parameters, possibly due to adulteration (Table 2) . Similarly, the surface tension of honey depends on water content, and it increased with the addition of impurities. This could be due to a decrease in viscosity in adulterated samples. The pH of adulterated honey samples was higher than that of pure samples (Table 4 ).
The moisture content of pure honey should be between 14% and 18%; although this number depends heavily upon the season and geographical conditions, for good quality honey, it should be in this range. Based on the results from raw and adulterated honey samples presented in Table 4 , good quality honey must have a conductance between 0 to 0. , and a refractive index between 1.45 and 1.47. Upon comparing the water content values shown in Table 2 , it is clear that moisture content is low in honey samples obtained from plains or deserts compared to those from hilly areas. Honey with lower moisture content will have a longer shelf life.
Similar to previous studies (Fredes and Montenegro, 2006) , the metals with the highest levels were K, Al, Fe, Mn, and Zn (Table 3) . However, in Pakistani honey, Al was found in much lower amounts than in Chilean honeys (Fredes and Montenegro 2006) . On the basis of our results and considering previously reported fi ndings (Pisani et al., 2008) , it is possible to conclude that the elemental composition of honey depends on soil composition, plant type, season, and environmental conditions. Also 
